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ABSTRACT

Programmed materials presenting twelve mathematical
«concepts were developed to investigate disjunctive concept learning
relative to four teaching strategies involving characterization and
exemplification (CEC, EC, CE, ECE) . Prospective elementary teachers
in an undergraduate mathematics course were randomly assigned to one
of eight treatment programs after stratification according to mental
ability. Achievement tests designed to test concept attainment at the
levels of Knowledge and Comprehension (Level 1), Application (Level
2), and Analysis, Synthesis, and Evaluation (Level 3) yielded the
following results: (1) upper ability groups did significantly better
than low ability groups; and (2) exemplar moves were rore effective
than non-exemplar moves for Level 1 performance, but the CEC strategy
was better than ECE for lLevels 2 and 3. No meaningful interactions
were found. (Author/JG)
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Several studies have been made of the relative effectiveness of different
strategies for teaching concepts. Those in mathematics have provided a little -
information, tut the majority of the findings have indicated no significant
differences exist between the different strategies studied (Henderson and Rollins,
1967; Rector and Henderson, 1570). One possible reason for this is the fact that
these studies have not gone Geyond the point of studying strategies for teaching
concepts, as comparec to strategies for teaching different types of concepts.

That is to say, they have neglected to take into account the different logical
forms of concepts.

A classification scheme for concepts was proposed by Jerome Bruner and several
pf his coworkers in A Study of Thinking (Bruner, Goodnow, and Austin, 1956). They
dividéd the class of concepts into the following three subsets: conjuncti\fe
concepts,  disjunctive concepts, and relational concepts. These three types of
concepts -é.re cietermined by the manner in which their defining conditions ére com-
bined in order to decide what may serve as an exgmplar of the concept. A conjuncti-
concept is one determined by the joint occurrence of the '» appropriafe values of its

defining attributes. It is characterized by the use of the logical term "and". A

disjunctive concept is one which is noted by the occurrence of at least one of the

appropriate values of its defining attributes. It is set off by the use of the
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ryi term "or'. The third type of concept, the relational concept, is one which is
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2.
determined by an explicit relationship between the values of the defining attributes
(Bruner, et. al., 1856). The first two categories in this taxonomy of concepts
have led to a mltitude of psychological studies concerning the relative difficulty
of attainment of conjunctive‘ and disjunctive concepts.

The majority of these studies indicate thg&: disjunctive concepts are signifi-
cantly narder to attain than conjunctive c_oncyii:ts for sﬁbjects at 2ll age levels
(Snow and Rabinovitch, 1969). This di.fficulply with the set ‘of dis’.nctive concepts
has been attributed to several diffe_rent.fac.;:ors.' | They ranggd from the inability
of subjects to profit from the information c%ont:ained .i'n' 'n‘on-e);amples of disjunctive
concepts to confusion on the subject’s part' between the lhogical meanings of the
terms "and" and “or" (Bruﬁer, et, al., 19'56;; Hunt and Hovland, 1960). A recent
study of the ability of secondary school siiudents to read mathematics showed that
the same problem exists 'in mathematics cla.%srooms (LeDuc, 1971). The remainder of
this paper deals with a study co'ncei‘ning t’ﬁe relative effectiveness of four:
strategiés for déaling ‘with disjunctive cox%mepts in-q;athematics.

“THE FACTORS OF EXPER:;[MENTAL INTEREST

As a result of the analysis of several studiés into the nature of strategies
used in the classrocm teaching of cbncepts;-" four strategies were selected for use
in the study. They were as follows:

1. Charactei'izatigrl-Exemﬁlification Strategy (CE). An instructional strategy -
. consisting of four characterization moves followed by six exemplification

moves, :

2. Characterization-Exemplification-Characterization Strategy (CEC). An
instructional strategy consisting Of two characterization moves followed
by six exemplification moves followed by an additional set of two charac-
terization moves.

3. Exegglification-&haracterization-Exemplification Strategy (ECE). An

- Instructional strategy consisting of three exemplication moves followed
by a set of four characterization moves followed by an additional set of
three exemplification ioves. e S '

4. Exemplification-Characterization’ Strategy (EC). . 'An instructional ‘strategy
consisting of six exemplification moves followed by a set of four charac-
terization moves. R - : : - . .
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These' ‘four straiegles are a result of several descriptive studies made concerm.ng

the nature of strategles of teachmg (Smlth et. al.,, 1967; Ginther and Henderson:
1966;  and Anderson 1968) and the model Henderson ‘proposed (Henderson, 1967;
Henderson, 1070)

A second factor of experimenta:r interest was the .nature of. .‘t_he moves contained
within 't'he "se’t"‘ 'o'f exeiniri’ification moves. ';'In crder to. attain a drsjmctive concept
through a series of exemplrfrcatlon moves,.the student” must 1eam to pl‘Oflt from
the 1nformat1on carned .1n non-example moves. This 'results from the Jlffermg ot
amounts of information ava11able in positive and negative exemplars of the concept ]
being studied. To cite an example of a particular disjunctive concept, it is :
sufficient for the exemplar to satlsfy at least one of the disjuncts in the list
of defining attributes. For example an algebralc expression can be classified as
a monomial simply by bemg a constant. It is not necessary that it fulfill all of

.“ 3 . °

the disjuncts,’ or defmmg cond1t1ons as it would have to in a conjunciive situation
As a result of this, a member of a disjunctive concept's referent set may only
satisfy ‘one ‘'of the several def1n1ng condltlons for the concept. Hence, to attam
a disjunctive concept througn a sequence of positive exempiification moves amounts
to a difficult information processing task. |

A non-example ‘of a dxsjunctlve concept on the other hand, must interact with
each of the required condltlons listed in the defining statement for the concept
For example, an algebraic expression is not a monomial.if and only if it is ot a
constant and it is not eqvariaiale raised to a positive integral power and it is not
a product each of whose factors is one of ‘the above. This results from DeMorgan's
Law for the formation of the negatlon of a disjunction (aner and Rosskopf 11959).

The resulting staterent is a conJunctJ.ve statement each of whOSe component parts

is a negation of ohe of the dlsJuncts in the, original statementx : Thus, a non-

example of a dlS]unctIVe concept must fa11 to satisfy each of the required condltionf
simultaneously. - - This requires a conscious effort at noting the values- ‘of each of |

the relevant defining conditions on the part of the learner.

L]
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Hence, in theory, it appears that exemplification approaches using predominately

non-example moves might be more efficacious than those consisting predominately of

example moves. To test this. hypothesis, a factor involving the kind of éxempli-

“ication move approach was ‘crossed with the type of strategy factor. The exempli-

“ication approach factor had the following two levels:

1. Rom-example Approach (~E) The six exemplification moves ir sach of the
sv.ategies in this combination of the factors were divided into four non-

exarple moves and two example moves.

2.  “Exemple Approach (E) The six exemplification moves in each of the strateg’.s
in the combination of the factors were divided into two non-example moves
“and four example moves. '

e insertion of this factor into the design of the stiidy ‘could have differing
effects on students with different levels of intellectual "ability. This led to the
formation of a third factor of experimental interest.  The factor of intellectual

ability of the students involved was measured by the Henmon-Felson Tests of Mental

‘aturity. The subjects were classified as being of either high ‘or ‘low ability as a
result of their performance on the test.

Two other factors were built into the study, 'alfhough ﬁhey did not receive the
status afforded to the fofégoing factors. These were the recognit'ion of the
:xistence of two forms of disjunctive concepts and the different nature of algebraic
'nd geometric concepts. In the first case, the set of disjunctive concepts can be
".'p"_lit into two subsets depending on' whether the word "or" is used in an inclusive
r exclusive sense. In the first i'iist'anée,. the joint occurrence of the conditions
:> allowed, while in the latter it is not. 'To detect the efféct that this might
Zve on thé attainment of disjunctive concepts, the concepts ‘chosen for use in the

u1dy were split between the two classes.

In considering the nature of algebraic and géomei:rié concepts, it seemed that
chey differed in the fact that the'-gebm'etric- COnc_e'pﬁ ‘have an extra visual cue
thich the algebraic concepts do not. To test whether this had any influence on the
'ate of’concept. attainment, the concepts used "in the study were split between

lgebraic and geometric concepts. .
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' The resultmg expermental de51gn was a'4 X 2 X 2 completely crossed facton'al
design con51st1ng of 16 eells A plcto'riel lmodel cf the de51gn is sho.m below'
Strategy CEC | | ' ECE T
Exemplification / \ : /\ gt / \ - /\
Approach E ~E E AE E oF
Ability ) /\ /‘ /\ I\ /\ H/ | /\ /\

|

|

Level . . IT!,LH-L‘ . HLB L _H>L L-- H LHL ‘
LEVELS OF CONCEPT ATTAINMENT

In order to evaluate the relative efficacy of the four strategies and the two

levels of exemplification approaches on the subjects of differing abilities, it

studied. As Bloor and others have noted, the attainment of concepts takes place.
on several_;level's (Bleem,: .gt_:_ . 9_1? s ‘_1'1956). Heqee_, one factor,p!ight produce varied
effects at different levels of leamning. To test this out, the taxonomy of cog-
nitive i)eh_aviors ‘developed by Rector was use:d..in the study. ‘ This taxpnomy pa::titions
the leveis of cognitive activ‘i)t)" into three main categories. . It is similar to
that proposed by Bloem, bgt more .general in scope. The three levels are:

Level I: Inowledge and Comprehension. This level of the taxonomy is:

" concerned with the ability of the student to show evidence

. that he can remember factual material and translate comm-
nicat:.ons effectlvely B

Level II: Apphcatmn “This level of lt:he't:axonomy is ‘concerned with

- the ability of the student to, ,dlscnmmate between examples
and non-examplés of a given concept and to State what con-
ditions allow or exclude a particular element as a ‘member
of the concept's referent set.

Level III: Analys1s S'vnthesls anid E.Valuation. This lével of the

- taxonomy is concemd with the ability of the student to', L
identify various ‘subsets of the concept's referent set, ' v
to discriminate between the members of the referent set :
on the basis of their attributes, to produce methods ‘for
determining what may be conta:med in the referent set of
a concept, and to evaluate methods of dealing with concepts
themselves (Rector, 1370).

was necessary to develop a test to measure the attainment of the different concepts

The selection of these levels provided general goals from which specific behavioral
objectives were formed. The objectives were then used in the preparation of the

experimental materials and an evaluation instrument. The test was constructed so
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that it could be socred on the responses to the Level I items, the Level II items,
the Level III items, and as a test in itself. It could also be graded to determine
the subject's performance on the different types of disjunctive concepts and the

different types of mathematical concepts discussed earlier.

THE EXPERIMENTAL MATERIALS

Ore the design of the experiment took form, it was necessary to decide upon
a medium ¢{ instruction which would allow strict control to be msi:tained over the
information preseated and the scequsncing of the various types of mo-";es'. The
-ecision was to uss programed instruction. Programs were written for each of the
gight forms of combinations of str_atcgj.es and exemp11f1cat_1_on approaches. The only
differences between these prbgrams. nere_ tne order of the moves, given in the
description of the different se?qnencesz,.,‘and the cizazzges‘necessary to satisfy the
requiremente .of the exerplification approaches. | ,

The twelve concepts selected for use in the study were contrived concepts |
involving familar mathematical concepts as their disjuhcts. For example,"a i_liﬂ_t_
is a natural number vhich is a multiple of two or a'multiple of five. A prifor .-
is a natural number which id either prlme or has a units d1g1t of four.

The programs were constructed and tried out in three c1asses pr1or to the1r
use in the experiment. In a like manner, the tests were tr1ed out on each of
these groups and refined for use in the experiment. The: f1na1 te.,t con$1sted of
72 questicns, 24 at each of the three le\rel‘s_' described ear11er. It had a Kuder-
Richardson reliability coefficient of 0.85. The subtests for'Levels I, II, and III.
had reliability coefficients-of C. 65 0.64, and 0. 69 rcspectlvely. ‘I'aklng the
shortness of these subtests into account, and-the fact that: the rehabllity of a

test is a function of its length, the above coeff1c1-en_ts were deemed satisfactory

for experimental use of the test.




| THE HYPGTHESES
The analysls of the nature of d153unct1ve concepts, the select ron of the four
strategies, the selection of the exemp11f1cat10ns approaches, ah,d?,t‘he‘ .dlffermg‘_
nature of the students involved prompted the formulation of the following
typotheses for Level 1 re'sponses, for Level -II responses, for hevel III' responses,
ad for reSponses"to the test. as a whole: |

1. There is no difference in the relauve eff1cacy of the four strateg1es
for teaching disjunctive concepts.

2. There is no difference in the example and non-example approaches in
teachinrg disjunctive concepts. ™=

There is no difference in the performance of the two 1nte11ectua1
ability levels in attammg disjunctive concepts.

-There is no interaction between the types of strategies and the types
of exemp11f1cat10n approaches in teaching d153unct1ve concepts.

There is no interaction between the types of strategies and the 1eve1s_
of intellectual ‘abilities in teachmg disjunctive concepts.

There is no interaction between the types of exemplification' approdchés =~
and the levels of intellectual ab111t1e., in the teachmg of d1s3unct1ve
concepts. '

7. There is no interaction between the three main factors in the’ teaching
of d1s3unct1ve concepts.

In add1t1on to these seven main- hypotheses, the following two hypotheses were
stated concernmg Tesponses to the ent1re tests°
1. There is no difference in the subjects' performance on the exclusive
disjunctive concepts and their performance on the inclusive disjunctive
concepts. '
2. There is no difference in the subjects' performance on the alzebraic

disjunctive concepts and their performance on the geometric disjunctive
concepts. :

The first set of hypotheses was tested using a three-way analysis of variance and |

the second set was evaluated by use of a t-test.for correlated samples.

THE SUBJECTS '
The subjects consisted of 320 students selected from 363 students enrolled in
two lecture sections of an undergraduaté mithematics course for prospective ele-

mentary school teachers. The 363 subjects were ranked from one to three hundred
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sixty-three on the basis of their performances on the Henmon-Nelson test. The

top 160 students were divided into twenty groups of eight starting from the top.
The students in each of these groups were then randomly assigned to the eight forms
of the experimental materials for.students from the high group. A similar pro-
cedure was followed in assigniﬁg the bottom 160 students to _the treatment groups.
The students were allowed to' complete'the p_rograms'during. class time. This was
followed by the test on the fifth day following the completior; ’of the programs.
An analysis of the time required to complete thé éight forms of the programed
pmaterials showed no significaﬁt differences between the groups with respect 'to
this measure. | .
INTERPRETATION OF THE pATA

The data from the tesf's was interpreted by means of a threce-way analysié of
variance. Prior to runningthe analysés, the data wés checked to see ﬁhgthe‘r it
satisfied the assumption of homogeneii:y' of population variances. Cochran's
C-statistic was used for this 'purpose. The assumption of equal population .
variances was not rejected in any of the cases. | |

Wiﬂx this check it was possibie ,td proceed with the analysis of variance.
The 0.05 level of significance was selected foi' accéptance_ or rejectioﬁ of fhé
hypotheses stated for each test. Tﬁe firsﬁ set of data evéiuate& was that wh1ch
dealt with the responses to the Level I items--those dealiﬁg with the areas of
knowledge and _COmprehension. Table I contains :the, results of this analysis.

| | -~--Table 1--- |

“The results of this analysis indicate that we must reject fhe null Hypotheses
dealing with the effects of t_ype of exemplification approach and the levels of
intellectual ability. An examination ‘of. the marginal means for fhesé two féctbrs
indicate that the exemplification approééh using predominateiy' exampip mﬁires is moré
effective than one using a majority of non-example moves. The finding that students
in ‘the upper ability groups did better than those _in_ th_é low abilit'y. .group was not -
unexpected. The remainder of the set of null hypotﬁeses as they apply to the

" Level I test were not rejected.

.

" IM. | | . X



TABLE I+ -

ANALYSIS OF VARIANCE AND MARGINAL MEAMNS
FOR RESPONSES -TO THE LEVEL I TEST. ..

Source of ~ Sum of R Mean :
Variance - ___Squares .~ - " df Square F-ratio
A: Strategy 41.80 3 13.93 £.963
B: Exemplification 63.90 1 63.90 4.416°'ﬁ
Approach

C: Ability Level 187.57 1 187.57 1?.963;°
AXB 49.41 3 16.47 1.138
AXC . 12.49 3 4.16 ..0.287
BXC 1 28.21 1 28.21 1.949
AXBXC 53.78 3 17.92 1.239
Within (Error) 4398.64 304 . . 14.46. =
Total 4835.8? ’ 319
Marginal Means: " .

1. Straiegy Levels: CE - 14,724 - CEC - 14,987"

EC - 14.925 - ECE - 14.075
2. Exemplification Example ----- 15,124 -
Approaches: Non-example-- 14.231

.3: Ability levels:

Low - 13.912

High - 15.443

° Sigﬁificant at the 0.05 level. :
°° GSignificant at the 0.001 level. oo

The next 'set of data to be examined was the responsés to the items making up
the Level II test--those dealing with the ‘application level of cognitive behavior.

Table II contains the results of this analysis.
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TABLE II

ANALYSIS OF VARIANCE AND MARGINAL MEANS
FOR RESPONSES TO THE LEVEL II TEST . ., ..

Source of .77 Sum of ... ..o.. see.. .. Meanp "
Variance - - ’ 'Squares-.-»' - df - ' Square» " Feratio ~

i B s —

A: Strategy - T 152,87 SRR SR so.gsi_f R YT

B: ExemPllflcatlon 41.31 ¢ 1 41.31 3,106 ..
Approach . S ‘ : N

C: Ability Level 232.90 1 232.90, ... 17.508°°
AXB .. 66.66 3 22.22 1.670
3

AXC : 0.78 0.26 . .. 0.019

BXC 14.05 a 1 | 14.05 1.056

AXBXC 57.08 3 19.02 ., 1.430

uithin (ErTor) ..  4043.94 - “304  13.30

Toedt 4609.61 = 319"

il Yo P

lia¥ginal Means:
1. Strategy Levels: CE - 15.037 .. CEC - 16.012 .
" EC - 15.149 . ECE. - 14.062

2. 'Exemplification Example ----------15.424 . TR
Approaches: : Non-example - '14.706 A
3. Ability Levels: ., High - 15.918 o Croaay i

; e ' “Low - 14.212

Ce e = R <A . RAA 4 .- e e m e peeA Y

fo Significant at the 0.05 level.

°® Significant at the 0.001 level. LA IR L

L S

The results of t]us ana1y51s 1nd1cate that the. hypotheses dealmg w:.th the type of .
strategy and the dlfferent intellectual ab111ty groups must be reJected at, the.0.05; -
level of significance. - R "; it

In order to ascertain the direction of the d:ifferences between the levels of
the strategy factor, Duncan's New Multiple Range Test was used (Edwards, 1968). The

results of that test are given in Table III. The 0.05 level was used to derive the

least significant ranges for the test.

PARIN EON P e
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 TABLE III
DUNCAN"S NEW MULTIPLE RANGE TEST APPLIED TO THE
DIFFEKENCES BETWEEN THE LEVEL 11 STRATEGY MEAUS
.. ECE . Cce ... EC..ol | CEC
14,062 15.037 15.149 . 16.012
ECE 14.062 - 0.975 1.087 1.950
CE 15.037 - - 0.112 0.975
EC 15.149 - - - 0.863
Least Significant Ranges for & = 0.05: .
'Ry =1.128 Rz = '1.'188' R, =1.228 .

Any pair of means whose colums are not underlined by the sam line differ
significantly. Hence, the only statistically significant difference is between the
ECE and the CEC ‘strategies. A look at their means shows that the CEC strategy is’
better in héipiﬁg ‘students attain disfi'ﬁn'ctive concepts at the application level of

As in the analysis of the Level I responses, the students in the higher in-

i:ellectural ability group did better than those in the lower intellectual ability

group.... This finding -tends to support-the manner in which . the students.were.- .
classified. R v £

The mext set of data to be analyzed.was that which resulted from the subjects'.. -
responéés to the items-on the Level III subtest.. This portion of the examination
measutred ‘the subjects' ability to function at the’analysis, synthesis, and-'evaluatic’. -
levels of the ‘modifieéd taxonomy:’: The results of this andlysis are 'given"in Tablé 'I'
These results; 1ikeé -those for Level II; indicate that'we must resect 'the null '+ /i
hypotheses positirnig no significant differeénces exist ‘between 't a.uvels of the: - -
strategy factor and between the levels of intellectual ability. Again the students
in the high ability group achieved better scores on the test thah those in the low

it

Y~ ability group. BV
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TABLE IV

ANALYSIS OF VARTANCE AND MARGINAL MEANS
FOR RESPONSES TO THE LEVEL III TEST .

- . . . N B . . . - Lag - - w
Cource of -~ - -Sumof -~ .. . ‘- Meam : L
Variance - _Squares - df " Square - - - F-ratio

A: Strategy ~ °  141.43 1 3 47.14 3.142°

B: Exemplification
Approach

22.04 1204 T 1.aes

C: Abilith Level 495.01 1 495.01 32.990°°
AXB o 16.10 3 5.36 0.357
AXC Co 3'.4'2'; | st 1 0.076
BXC 8- 1 L 846 0564
AXBXC  126.07 [ 2.0 vé-,soo.';f .,
vithin (Brror)  4043.61 S04 1880

L

Total  4609.61 . '3i9

Marginal Means: . ‘ _ N ) N
1. Strategy Levels: ‘,' | o CE_ f‘ 14687 - _CE'C, -.13.362 - WA
| BC - 14,887, ECE - 13.362
2. Exemplification EXAMPLE-n_enmeamocme==14.756 -
Approaches: Non-example ----=-=-= - 14.231
5. Abilily Levels: = ° ° . . High - 15737 .
P o ' Low - 13.249 .

° Significant at the 0.05 level. i , : : - : o
°° . Significant at the 0.001 level. : AN

J
Oy

: ‘The use of Duncan's New Multiple Rar;ge Testz tovdéte;:miné"t.:h’e~d,il_'éctivon-_bf,the
differences between the types of strategies found t_ﬁat fhé,C'B,' EC, -.and,CE'(_'_.’ forms...
were all significantly better than the ECE. form 'i_n _hel_piﬁg the. subjects attain the
disjunctive concepts at this- level.. :However',.,_ti;'er_e were;‘nqv ,siénificant; .diff'er'ences,'_ -
between the CEC,: EC, and CE.-margingl means. The results of-tﬁis :ana;ysi_s :are..shqwn« _

14

in Table V.-

12
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TABLE V.

DUNCAN'"'S NEW MULTIPLE RANGE TEST APPLIED TO THE
_ DIFFERENCES BETWEEN THE LEVEL II1 STRATEGY MEANS

- - ECE o ‘CE ) . EC e CEC

13362 14.687  14.887  15.037
ECE 13.362 - 1.325 1525 1.675
CE 14.687 . 0.200 0.350

EC 14.887 - - - 0.150

ieast Significant Ranges forec= 0.05:

Ry = 1.200 .. Rg=1.263 . Ry =1.306

The results  of the analys1s of the' scores -on the Level III test also 1nd1cate}‘§. o~
that the hypothesis that there is no significant interaction between the three
main factors must be rejected at the 0. 05 level. This indicates that one of the .'
two-way mteractmns is not the same for all levels of the remammg factor | .An
analysis of the poss1ble combmat'ons prov:Lded no 1nterpretatlons which had .
meaningful mterpretatmns affectmg the teaching of d1sJunct1ve coaeepts
(Dossey, 1971)

The fmal ana1y31s of variance dealt w1th the scores from the three subtests

- . [P

) combmed Th1s set of scores was stud1ed as 1t 1nd1¢ated the effect.weness of the,

different strategles and other factors -as they acted over a broad range of edu-

cat1onal obJect:wes. The results of th1s analys1s are g1ven m Table VI
T 1. S Cdoa e . T .'.(.:',-.“.i‘ o




Marginal h_!ea_l_ls: .

TABLE VI

ANALYSIS OF VARIANCE AND MARGINAL MEANS
FOR- RESPONSES TO THE 10TAL TEST

Source of  Sumof Mean - .
Variance . Squares ... . Square . F-ratio

A: Strategy’ ' " §99.68 s 20989 _ . . 3a38°

. B: ‘Exemplification " 40075 1 40945 4.285°

Approach

C: Abi].it)’ Level : . 2508.75 et " . 2508.75 26-25?°°

BXC 171.17 Cwmar L 1ae
AXBXC .. _547.10. . .3 '182.36 " 1.908

Within (Error) - - Zo0ds.78 3047 c e I
Total o 33812.19 :

° ¢

“1. 'strategy Levels: CE - 54' 'zoo .. CEC - 46.037

EC - 44 962  ECE - 41.500 , .
. SICNLENE S SRR E S PRI S AU TR
2. Exemplification _

- Approachess. - *- ..t . Non-example -

3.. Ability Levels: . -i=° " High - 46.974 "'
BN St B i Low -'41‘."3.7‘5"

[ S o
f
b, :
tadd A

° Significant’at the 0.05 level. =~ =
°® Significant at the 0.001 level.

' The stat1stica1 ana1y51s found 51gmf1cant d1fferences between the component level

3 -

" means for each of the three ma:m factors. No s1gn1f1cant d1fferences were found

Q

1

for any of the 1nteract1on factors S0 the null hypotheses regardmg them vere not
rejected. | o | '

The application of Duncan's New Multiple Range Test to the four strategy means
indicated that the CEC strategy. was significently more effective in promoting the
attainment of disjunctive concepts than the ECE strategy. The test also showed the

r"'?o
ZI. & ";.
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15.
ate TABLE VII

DUNCAN'S NEW ‘MULTIPLE RANGE TEST APPLIED TO THE -
DIFFERENCES BETWEEN THE TOTAL TEST STRATEGY MEANS

ECE - -~ 'CB E . . .CEC

41:500  44.200°  44.962 ©  46.037
ECE 41.500 . 2,700 3.462 4.537
CE 44.200 - . oré2 0 1.837

EC 44.962 | S Ty lers

Least Slgn1f1cant Ranges ford = 0 05°

Ry =2.772. | " R3 2. 918 Ry =3.007

EC strategy to be slgm,flcantly more effectlve than the ECE stratcgy The CE
strategy is on the border line of be1ng Judged 51gn1f1cant1y better than the ECE

strategy, but the dlfference of the means did not exceed the cr1t1ca1 value of

SN

2.772. The means underlined by the same 11ne 1n 'I‘able VII do not d1ffer s1gm- L
flcantly ;
An examlnatlon of the margmal means for the 1evels of the exemp11f1cat10n

approach factor shows that the example approach was more effectlve than the non- :

|'
‘ ‘{.-.... L

example approach in promotlng the 1earn1ng of dlsJunctlve concepts An exam1nat1on

t

of the margmal means showed that the h1gh ab111ty students aga1n d1d slgnlflcantly

better than the 1ow ab111ty students

t.

The above f1nd1ngs are a result of the three-way analysls of var1ance per-

._,

formed on the scores of the three subtests and the tota1 tes\. scores Another pa1r‘

of factors were. balanced acToss, the total test and were not analyzed by the

. ¥

e

ana1ys1s of varlance These were the factors concerned w1th the type of dlsJunctlve
; T IR RRRTE LY & PR B R

concept and its. mathemat1ca1 nature. The re1at1ve d1ff1cu1ty of the 1evels of
& T PR A \.'-".‘ AT SR AP "'(vf.'\- I TR . L Lot N DY r!.:.' w”

these factors was assayed by means of a‘t test for correlated samp;es (Ferguson 1966)

FL
PN
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16.
The analysis of the difference scores between exclusive and inclusive items
for the 320 subjects resulted in ‘a t-value of 6 8721 Wlth 319 degrees of freedom.
This exceeds the tabled cr1t1ca1 value .for the t-test'at_, the 0 001 Tevel .- Hence
the hypothesis conJectur:Lng that~ theré was" no dlfference in the nature of the two |

types of dlsJunctwe concepts as reflected through the students' attamment of ‘ther.

.-o—

‘as rejected The results of thb test 1nd10ate that students can perform better
on exclusive concepts than they ¢an on 1nc1us1ve concepts. ’

The analysis of the d1fference scores' between the geometric and algebraic items
for the 320 subjects resulted-in a t-value of 10 1287 with 319 degrees of freedom.

This value also exceeded the tabled’ cr1t1ca1 value for--the t-test at the 0.001. level

of significance. Hence the hypothes1s stat1ng ‘that ‘there was no s:.gnif:lcant
difference between the performance of the students on the geometr1c and al gebra1c
items is rejected. The results of the test 1nd1cate that students attam geometnc v

d1s;unct1ve concepts easier than they attam algebr.alc thsjunctlve concepts. s

) - .. ..'\ '. v . L N -ljh). '
. INT!ERPRETATION"OF_.T!!E anmgs__ e

e
[N
."- . R LR

.oan

The results of the study of the relat1ve eff1cacy of the: four 1nstruct.10ua'l
strategies for teachmg dlsJunct1ve concepts ind1cate that *he log1ca1 form of a
concept may have an affect on the success of a particular 1nstruct1onal strategy |
This may be seen by comparmg the results of~ the present study with the f1nd1ngs of
a similar study that 1nvolved only conJunctave cbncepts (Rector and Henderson, 1970)

The analy51s of the data 1nd1cated that differences exist between strateg1es as one

moves upward through the levels of cogn1t1vc behav1or. These d1fferences usually
: VS SN

1nvolved the CEC and ECE strategles. I _ _,:,.‘.._ :

These d1fferences at Levels II and III and ‘on the total test may be due to '
the formulation of the strateg1es and the .log1cal nature of d153unct1ve concepts. o
It may be the case that the early 1ntroduct1on of the characterlzat1on moves 1n the -

CEC strategy 1ndent1f1es and f1xes the concept for the student. The followmg
exemp11f1cat1on moves allow h1m to d1scr1m1nate between examples and non-examples

.Y X "'.-\'_ e

of the concept " The last two moves, both charactenzation, allow the student to

P} ’3,\
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o | _ 17,
focus again on the characteristics and properties that help to set of’f':the concept.
Such an 'instructional "strategy may prevent the initial confusion that may. result
from the nature of a- d153unct1ve concept.

"The ECB format, on the other hand, forces the student to 1nfer ‘the nature of
a disjunctive concept from exempl1f1cation ‘moves at the start of the strategy. It
is only after three of the ten moves that the student f1rst sees a character1zat1on
~move. At th1s pomt he may f1rst start to focus on the relevant attributes and :
their values. Followmg four character1zat1on moves the strategy closes w1th
three more exempl_1f1cat1on moves. The’ arb1trary nature of a d1s;|unctive concept

may .render the first three exempl1f1cat1on-movesvuseless and the last three :

exemplification moves may not provide enough practice at discrimination:bétween -

cxamples and non-examples of the concept for effectiv'e',"learning to take place. - 'l-'li;’;‘s«

is also suggested by the resullts of the EC strategy when compared ‘to the ECE

strateégy. The EC fornat allows the student a longer exposure to -"’e'x'emplifi'cation’- e

moves., Th1s may allow the student to der1ve h1s own mental model of the concept, 4

wh1ch can be later adjusted 1n compar1son to the 1nformat10n carrled 1n the four

-

character1zat1on moves. S RN : S

The fact that the means for the four 1nstruct10nal strategles were ordered

’ Yo i t |-

in the same ascendmg manner of ECB CE EC and CEC at each of the four levels of

evaluat1on may. also be 1mp0rtant.' Although there.were'.nox;nd1v1dual d1fferences
found.among‘ the CB EC and CBC means, the fact that ‘the o;der uas 1nvar1ant under
levels of evaluatlon may have some 1mportant 1nterpretat1on'rn 1tself v“It also
appears that a strategy end:.ng in a sequence of character1zatxon moves may be a
more effect1vev strategy for handl:mg d1s;unctive concepts than one end1ng in a :'

sequence of character1zat:on moves. Both of these conJectures should be exam1ned

by further research

-~

AL .,'.-‘ ‘3 o en ‘:';“

'l'he type of exempl1f1cat1on approach used mthm the strategles also proved

S ’ ;

to make s1gn1f1cant d1fferences 1n the subJects' scores at Level 1 and on the total

Qe b

test. At both these levels the approach usmg the four example moves and two non-

example moves proved to be more effect1ve than the one employmg four non-example

moves and two example moves . ’l’he d1fference at Level I knowledge and

17




comprehensmn, may ‘be ‘due to the nature of questlons at .that level .:‘This would nc

explain-the overall d:.fference though :Perhaps students at this level ‘are. not able

to profit by lcnowing what a 'co‘ncept 1's ot !+ Other studies -in. the Juse of examples

and non-examples mlght include a factor concerning the: log:l.al nature of the conceptf

. T . . -‘-'. ‘:( - .. . ) . )
involved. -"_ B A T B L TS M SN
. ..; . . . H . E A . ., L. T o A v

-The dlfference m the subJects' scores on the excluszve apd, inclus:.ve rtems ,

may again be attnbuted to the logicaI d1fference in the'two, types of: concepts. In.

the exclusive type there are no cases when an -éxemplar. of the: concept satlsfres

both of . the condltlons set forth in the ‘disjimctsyin the/ 1nclp51ve case, some. ot

l’-_-

the exemplars. satlsfy both of the disjunets ‘4nd .in other cases, .satlsfy one and not

the other. Th1s leads to 'a situathn 0 whxc‘h ‘the inclusive .concepts -may not

appear -to be as. well-defmed as the exclus:tve concepts. It s here .that the sub--' f:r‘«-,
jects mxght start to confuse "the logical ise’ of: ‘the terms. "and" and "or" Th:.s ' ‘.“
seems a plausrble source of the d1fference in the subjects’'. ablllt)’ to handle the

two types of d:.sJunctJ.ve concepts. RS SRt
The d1fference in the subJecta ' 'scores on. the algebra:.c and, geometric 1tems,
) N S

as 1nd1cated by the test 1tems, may be attributed to. the fzgures portraying the

spatial relatxonshz.ps that .accompany the textual mformat:.on for the geometrlc .

LK}

concepts. Sucn conclus:zons should be drawn ws.th cautl,on however, for, 1t 1s hard
to compare the results on the ba51s of 'a. lack of knowledge concernmg the manner

in wh1ch the mformat:.on presented 1n a con’cept move is processed Although an ,

_‘-;,-..

example move only g1ves an example, if. it:is algebralc, the: example ;1s a fact to . -

A
" ' A

be stored away. ; On the other hand if 'the example concerns a. geometr:.c concept

then the example move may have an accompanymg dlagram. The effects of the R
.) ;
d1fferent types of example informatlon, may create a sltuataon in. whch an a1gebra1c

r,¢ '

example move does not convey ‘an equ:.valent amount of mfprmatlon as a geometnc

example move does: Such questwns need to .be explored further by ca,refully de51gned

e !

research. . ,.. .. . . L R A 1
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